Osteochondral lesions of the talus are common injuries that affect a wide variety of active patients. The majority of these lesions are associated with ankle sprains and fractures though several nontraumatic etiologies have also been recognized. Patients normally present with a history of prior ankle injury and/or instability. In addition to standard ankle radiographs, magnetic resonance imaging and computed tomography are used to characterize the extent of the lesion and involvement of the subchondral bone. Symptomatic nondisplaced lesions can often be treated conservatively within the pediatric population though this treatment is less successful in adults. Bone marrow stimulation techniques such as microfracture have yielded favorable results for the treatment of small (<15 mm) lesions. Osteochondral autograft can be harvested most commonly from the ipsilateral knee and carries the benefit of repairing defects with native hyaline cartilage. Osteochondral allograft transplant is reserved for large cystic lesions that lack subchondral bone integrity. Cell-based repair techniques such as autologous chondrocyte implantation and matrix-associated chondrocyte implantation have been increasingly used in an attempt to repair the lesion with hyaline cartilage though these techniques require adequate subchondral bone. Biological agents such as platelet-rich plasma and bone marrow aspirate have been more recently studied as an adjunct to operative treatment but their use remains theoretical. The present article reviews the current concepts in the evaluation and management of osteochondral lesions of the talus, with a focus on the available surgical treatment options.
Introduction
The understanding of osteochondral lesions of the talus has developed gradually over the past several centuries. Monro 1 was the first to describe talar osteochondral injury when he removed loose fragments from an ankle in 1737. In 1888, König coined the term osteochondritis dissecans (OCD), referring to loose bodies within a knee joint that he believed to be secondary to avascular necrosis. It was not until 1922 when OCD was first described in the ankle by Kappis, and in 1924 Phemister proposed a traumatic etiology for such talar lesions, a hypothesis that was supported by Fairbank in 1933 and later in 1959 by Berndt and Harty. 2 Our current definition of an osteochondral lesion (OCL) is any defect involving both the articular surface and the subchondral bone of the talus. This definition recognizes that there are a variety of etiologic pathways that result in similar lesions within the dome of the talus. Many of these lesions are associated with traumatic events and are prevalent within active populations. 3 In fact, concomitant OCLs have been reported in approximately 50% to 73% of acute ankle injuries. 4, 5 Less frequent causes of OCLs include genetic predisposition, degenerative joint disease, joint malalignment, avascular necrosis, peripheral vascular disease, and endocrine or metabolic abnormalities. 3 Treatment of osteochondral lesions of the talus has been traditionally difficult due to the limited healing potential of the talar articular surface and the massive forces transmitted through the ankle joint. However, during the past 10 to 15 years, significant advancements have been made in understanding the pathophysiology of osteochondral injury and modern surgical techniques have continued to evolve in an effort to provide a more durable and functional repair.
Anatomy and Pathophysiology
The talus has a unique anatomy in that the majority of its surface (approximately 60%) is covered with articular cartilage and it does not serve as a site of attachment for any muscle. 6 The extensive articular surface limits access for incoming vascular supply and creates multiple watershed areas. 7 This limited vascular supply has been implicated in the high risk of posttraumatic osteonecrosis and overall limited healing potential for osteochondral injuries of the talus.
The talus is divided into 3 distinct regions; the body, the neck, and the head. Classically, OCLs are described in the dome of the body of the talus. Elias et al., 8 designed an anatomic 9-zone grid on the articular surface of the talar dome to examine the specific location of osteochondral lesions. They found that most talar OCLs occurred in zone 4 (centromedial) and zone 6 (centrolateral). In a study of 500 patients with talar OCLs, Flick and Gould 9 found that 98% of lateral lesions are associated with a traumatic event, most commonly ankle sprains. The proposed mechanism of injury is a shearing force on the dome when the ankle is forced into a dorsiflexed and inverted position. These traumatic lateral lesions tend to be shallower than their medial counterparts but present at a higher stage and have a higher risk for displacement. Alternatively, 70% of medial lesions are associated with an axial load while the ankle is forced into a plantarflexed and inverted position.
A number of etiologies have been proposed for the development of nontraumatic lesions and include vascular or synovial insult, soft-tissue impingement by an accessory anterior inferior tibiofibular ligament (Bassett's ligament), microtrauma, and chronic ankle instability. König 10 in his original description, hypothesized that nontraumatic lesions were the result of subchondral vascular occlusion leading to subsequent cystic changes eventually leading to fragmentation and displacement. Vascular disruption has also been proposed as a mechanism for the development of traumatic lesions. Whether the vascular insufficiency preexisted the injury or whether vascular disruption is caused by fragmentation is unclear. In either scenario, the vascular insufficiency is thought to limit the inherent potential for spontaneous healing.
Several systemic abnormalities have also been associated with the development of OCLs of the talus, including hypothyroidism, vitamin D deficiency, calcium and parathyroid abnormalities. 3 In cases of nontraumatic lesions or in patients who have polyarticular disease, screening for endocrine abnormalities should be considered. Finally, systemic vasculopathy leading to localized avascular necrosis should always be considered in the differential diagnosis.
Clinical Presentation
Patients presenting with OCLs of the talus are often athletes or have a history of significant ankle trauma within 1 year of symptom onset. The majority of patients are 20 to 40 years old, with men being more commonly affected than women (1.6:1). Typically, patients will present with nonspecific ankle pain that may or may not correspond to the location of the lesion. Additionally, they will often complain of swelling and occasional joint instability. Mechanical symptoms of clicking and locking have been historically associated with osteochondral lesions of the talus; however, Loomer et al. 11 reported that none of their cohort of 92 patients had mechanical symptoms as a presenting symptom indicating that mechanical complaints associated with talar OCLs are less common than previously thought.
Physical examination findings are often subtle, therefore it is important to compare the affected ankle to the contralateral side. Examination should begin with palpating the medial and lateral aspects of the talar dome when the ankle is maximally plantarflexed. Inversion and eversion with the ankle in both plantarflexion and dorsiflexion is necessary to elicit any clicking or catching that may be present. 12 Local tenderness may not always be apparent and should not rule out the diagnosis. Minor limitations in range of motion of both the tibiotalar joint and the subtalar joint can be present. Patients with chronic OCLs may present with deep, intermittent pain in the ankle joint with weightbearing. 13 While a thorough history and physical examination are necessary, the ambiguous nature of this clinical presentation makes plain radiographs, magnetic resonance imaging (MRI), and computed tomography (CT) scans critical components to making the appropriate diagnosis.
Diagnostic Imaging
The first-line imaging modality in the workup of talar OCLs are standard anteroposterior (AP), lateral, and mortise radiographs of the ankle joint. In the event that persistent effusion, delayed synovitis, locking or mechanical symptoms, and/or continued pain are still present 4 to 5 weeks after the initial injury, repeat radiographs are indicated. It may be useful to obtain an AP or mortise view with the foot in plantar flexion, as this allows for better visualization of the posterior talus. This technique is analogous to obtaining a tunnel view of the knee for an improved visualization of posterior condylar OCD lesions. A Canale view (15° pronation with the x-ray beam angled 75° cephalad), normally used to assess the talar neck, may also be useful to image the subchondral surfaces. The lack of identifiable lesion on x-ray does not exclude the diagnosis of talar OCL. Loomer et al. 11 found that only 50% of lesions in their series could be seen on the original radiographs, while Hepple et al. 14 reported that as many as 43% of talar OCLs identified on MRI were originally not visible on radiography.
CT scans often provide a more detailed visualization of the lesion and may demonstrate that a given defect is larger than initially thought based on plain radiographs. A CT scan is particularly useful in determining bone stock availability and in the identification and characterization of lesion-associated cysts. 15 CT scans remain a valuable imaging modality in the evaluation of talar OCLs, especially with respect to preoperative planning. 16 Although not utilized at all institutions, a bone scan has been demonstrated to be a valuable tool in the workup of osteochondral lesions. Loomer and colleagues 11 cited 99% sensitivity when using technetium 99m bone scans in the diagnosis of talar OCLs. According to their imaging algorithm, if radiographs were negative in the setting of persistent symptoms, or if the condition remained undiagnosed, a bone scan was obtained to evaluate localization to the talus. The addition of SPECT-CT scanning (single photon emission computed topography) may aid in the identification of asymptomatic lesions by assessing actual metabolic changes within the bone. Therefore, SPECT-CT may be a helpful adjunct when multiple areas of pathology are detected on MRI. 17 MRI is a useful modality in the identification of bone bruises, loose bodies, soft tissue pathology, and correlates reasonably well with arthroscopic findings. 18 Demonstration of loose fragments is particularly valuable, since identification of such bodies directly affects treatment decision making. Additionally, MRI is able to identify early stage lesions, which may not be visible on plain radiographs. T2-weighted MRI is the preferred modality due to increased sensitivity to cartilage tissue and demonstration of the depth of cartilage lesions. Of note, some authors have suggested that MRI may overstate the severity of lesions due to variability in signal changes that occur after any acute ankle injury. classification being the earliest and most commonly used. It is a 4-stage classification that grades the lesion based on the appearance on plain radiographs and is focused on transchondral fractures (Fig. 1) . The main limitation of this classification is that, since its inception, advanced imaging techniques allow for detection of lesions that do not or are yet to have radiographic findings which makes them difficult to fit into the Berndt and Hardy classification system. This has prompted modern classifications based on CT, MRI, and arthroscopic characteristics. 14, [18] [19] [20] [21] Several of these classification schemes have modified Berndt and Harty by adding a cystic subtype, which reflects the variation in etiologies that produce these lesions. Others have included evaluation of the articular surface as components of the classification.
Several studies have attempted to correlate findings on imaging with arthroscopic evaluation of the articular surface. A study by Pritsch et al. 21 demonstrated a poor correlation between plain radiographs and arthroscopic grading of the articular surface. Alternatively, a study by Mintz et al. 20 found that MRI appearance corresponded well with evaluation of the articular surface during arthroscopy. However, when the evaluations did not coincide, the MRI tended to underestimate the severity of the lesion. Both of these studies underscore the importance of direct visualization of the lesion as a part of the algorithm determining the ultimate treatment of the lesion.
Management and Indications for Surgical Intervention
Nondisplaced OCLs are often initially treated with a nonoperative approach. Nonoperative treatment of OCLs includes activity modification, protected weightbearing, rehabilitation, bracing, and the use of nonsteroidal anti-inflammatory drugs (NSAIDs). 22, 23 While this approach may lead to resolution in the pediatric population, this treatment is typically less successful in the adult population. This is mostly due to the inherent biologic properties of hyaline cartilage, namely its avascularity, which limit the healing potential of the articular surface. Clinically, a systematic review of OCLs of the talus by Verhagen et al. 24 showed that among 201 patients in 14 studies, only 91 patients (45%) reported successful outcomes with nonoperative treatment.
Operative treatment is indicated in the acute setting when the lesion is displaced and in the more chronic setting when nonoperative treatment fails to improve patient symptoms and function. The specific operative techniques utilized vary based on clinical presentation, the location and characteristics of the lesion. With OCLs of the talus, surgical treatment generally involves repair or replacement of the damaged osteochondral unit. Bone marrow stimulation via drilling or microfracture is generally the primary treatment for smaller size lesions. Osteochondral grafting techniques (autograft or allograft) are often used for larger defects or in the case of failed prior curettage or drilling. 22, 25, 26 More recently, cell-based repair techniques have been utilized in the management of talar OCLs, including autologous chondrocyte implantation and the use of juvenile chondrocytes. [27] [28] [29] Biological agents such as bone marrow aspirate concentrate, platelet-rich plasma (PRP) therapy, and hyaluronic acid are increasingly being used to augment the repair process as well. 30, 31 While ample literature exists on many of these methods, indications and longterm results are still in question and will require further exploration as treatment options continue to evolve.
Bone Marrow Stimulation
The principle behind bone marrow stimulation is to allow infiltration of mesenchymal stem cells at the site of the chondral defect. This can be done by microfracture or drilling. In microfracture, the subchondral plate is breached with a surgical awl in 3-to 4-mm intervals until the emergence of fatty droplets from the marrow is observed (Fig.  2) . Drilling induces the same process, using a surgical drill or wire. In both cases, a fibrin clot forms within the treated defect, initiating an inflammatory response and subsequent release of cytokines and growth factors to stimulate the healing process. 32 As pluripotent marrow-derived mesenchymal stem cells migrate into the clot and begin to differentiate and proliferate, they form a fibrocartilaginous-type repair tissue with an extracellular matrix initially containing type II collagen (note that studies have shown an eventual transformation of this construct into scar tissue predominated by type I collagen with diminished levels of type II collagen). 33 Bone marrow stimulation for the treatment of talar OCLs can be performed with minimally invasive techniques. It has a low complication rate, causes minimal postoperative pain, and may be less technically demanding than other techniques. 32 Indications for bone marrow stimulation remain somewhat undefined to date. Microfracture for small OCLs (<15 mm) have primarily yielded favorable results in the literature. Chuckpaiwong et al. 34 performed microfracture on 105 ankles, defining successful treatment as meeting 3 of the 4 following criteria: (1) more than 50% improvement in visual analog scale (VAS) score for pain during daily activities, (2) more than 50% improvement in VAS score for pain during exercise, (3) an AOFAS (American Orthopaedic Foot and Ankle Society) score that was increased by at least 30 points, and (4) a Roles and Maudsley score of 1 or 2. Of the 105 ankles treated, all 73 lesions smaller than 15 mm met the criteria for successful outcome. However, only 1/32 lesions greater than 15 mm met the criteria for success, and none of the 24 lesions greater than 20 mm were successful. 34 Choi et al. 25 similarly found that lesion size predicted outcome following the microfracture procedure. In their analysis of 120 ankles undergoing microfracture they found that lesion size greater than 150 mm 2 portended poor outcomes. While treated lesions smaller than this threshold value had a failure rate of 10.5%, 80% of lesions greater than 150 mm 2 met criteria for treatment failure. 25 Lee et al. 35 reported on 35 ankles (all patients younger than 50 years) that underwent microfracture of isolated talar lesions <1.5 cm 2 at a mean follow-up of 33 months. According to AOFAS scores, 89% reported good or excellent outcomes, while 11% were reported as fair, with a mean AOFAS score improvement of 27 points and a mean reduction of 5 points on VAS pain assessment. 35 While good results have been shown in young patients with small, isolated talar lesions, other studies have reported on patients with more advanced lesions, concomitant injuries, and a history of prior ankle surgery. At a mean followup of 26 months after microfracture for Outerbridge grade 3 and 4 cartilage lesions, Clanton et al. 36 reported mean Lysholm and total FADI (Foot and Ankle Disability Index) scores of 74 and 81 (FADI ADL [activities of daily living] 81 and FADI Sport 62), respectively and reported mean patient satisfaction of 8 out of 10. This was significantly better than that seen in patients who had undergone prior ankle surgery (FADI total 51) and patients with a longer time between injury and surgery. Despite this, patient satisfaction was still high.
Longer term follow-up has been less predictable. While it has also been shown that positive short-term results are maintained at a mean of 5.8 years after surgery for both pain and functional scores, Ferkel et al. showed deterioration in 35% of patients at 5-year second look arthroscopy. 37, 38 This is significant because microfracture of the knee has been shown to have deteriorating results as early as 18 to 36 months postoperatively. 39 While functional scores remain high in the short term and mid-term after microfracture of talar OCLs, we know that repair tissue and subchondral bone remain far from normal. Some recent studies have used advanced MRI protocols and second-look arthroscopy in evaluating postmicrofracture cartilage tissue and subchondral bone quality. While they demonstrated similar T2 properties when comparing repair tissue to normal cartilage, the degree of defect filling, quality of repair tissue, integration with surrounding tissue and the quality of the subchondral bone was inconsistent at best. 40, 41 Second-look arthroscopy confirmed the discrepancy between clinical outcome and quality of cartilage healing. Lee et al. 42 demonstrated that 12 months after microfracture only 60% of lesions healed in a normal or near-normal state according to ICRS (International Cartilage Repair Society) grade and only 30% of lesions were completely integrated with surrounding healthy cartilage, despite 90% of patients reporting good or excellent AOFAS scores.
Overall, short-and mid-term results of microfracture of isolated, talar OCLs less than 150 mm 2 are generally good. A systematic review by Donnenwerth and Roukis 43 supports microfracture as a primary treatment of OCLs of the talus, as they found a mean AOFAS hindfoot score of 86.8 when evaluating 299 ankles from various studies, which translates to good or excellent outcomes in 80% of patients undergoing this procedure.
Recently, there has been interest in comparing chondral lesions and osteochondral lesions independently, with the idea being more advanced injury may predict worse outcomes. Surprisingly, this has not been demonstrated. Several studies have compared chondral and osteochondral lesions treated with microfracture, but no differences were discovered between the 2 groups at mid-term follow-up (2-8 years). 5, 44, 45 Recent studies have attempted to augment OCL healing and improve patient outcomes following microfracture by injecting hyaluronan or autogenous cell-based modalities at the time of the index surgery, including PRP and mesenchymal stem cells. Though the series are limited in scope and their overall numbers are low, intra-articular injection with either hyaluronan, PRP or mesenchymal stem cells during surgery or within the short-term postoperative period demonstrated significant functional improvement in the short term regardless of the functional scoring system used. [46] [47] [48] Despite these promising results, these studies contained weaknesses that limit broader application of this type of treatment augmentation. With further evaluation in greater numbers, intra-articular injections as a treatment augmentation may have utility in the management of OCLs.
Both intra-articular and retrograde drilling techniques have been described. This decision can be made intraoperatively based on the arthroscopic examination. When the lesion's articular surface is intact a retrograde drilling technique is generally preferred so as not to violate the articular surface. A 1-cm incision is used to expose the lateral talar process and protect the peroneal tendons then drilling is done under fluoroscopic guidance. An anterior cruciate ligament-type aiming device can be used for arthroscopic targeting of the lesion. Computer-guided techniques have also been described and shown to be at least as accurate as traditional 2-dimensional fluoroscopic techniques. 49 Drilling or microfracture with an awl can be done with the foot plantar flexed. Transmalleolar drilling can be used for lesions that are not accessible. A single outside-in technique with a 1.25 wire can access a larger area if the talus is dorsi and plantar flexed to accommodate the wire for each successive hole in the talus. This technique can reduce the number of iatrogenic perforations in the tibial cartilage needed to access the lesion.
Osteochondral Grafting Techniques
In contrast to bone marrow stimulation, osteochondral grafting techniques are generally indicated for large primary OCLs. These grafts can either be autologous or come from a cadaveric donor and can be implanted as a single or as multiple plugs (mosaicplasty). The goal of autologous transplantation is to implant a graft that is similar in both mechanical and biological properties to that of the patient's native hyaline cartilage. 23 Autologous grafts are most commonly harvested from the ipsilateral knee, specifically from the lateral femoral condyle or the intercondylar notch. 30 The primary concern with osteochondral autograft transfer is donor site morbidity, as reported by several studies. [50] [51] [52] Several retrospective case series have demonstrated positive results with osteochondral autograft transfer. Imhoff et al. 53 observed significant long-term improvements in mean AOFAS, VAS, and Tegner activity scores in 26 patients (all with ICRS type 4a or 4b OCLs, less than 3 cm 2 in size). At a mean follow-up time of 7 years, 18 patients indicated they were very satisfied with the procedure, 4 satisfied, 3 neutral, and 1 moderately unsatisfied. 53 Similar improvements in the short-term have been reported in other studies in the literature, with average lesion sizes of 1.5 cm 2 . 30, 54 Scranton et al. 55 reported that 45 of 50 patients with cystic talar defects receiving autologous osteochondral grafts had good or excellent Karlsson-Peter ankle scores at a mean follow-up time of 36 months. Only 1 patient was treated for pain at the donor site, 12 weeks after surgery, and symptoms resolved after surgical debridement of scar tissue. 55 In addition to assessing clinical outcomes, several studies have utilized second-look arthroscopy to evaluate graft condition and incorporation at follow-up. In 2003, Lee et al. 56 reported 100% good or excellent outcomes in 18 Berndt and Harty type III and IV OCLs treated with osteochondral autograft mosaicplasty from the ipsilateral knee at a mean followup of 36 months. Second-look arthroscopy was performed in 16 of 18 patients, which demonstrated graft consistency and congruity in 14 of 16. Only 2 grafts demonstrated chondral softening or fissuring. These results may have been positively affected by the low mean patient age (22.7 years) and small mean lesion size (13.6 mm × 7.2 mm). Another study by Baltzer and Arnold 57 presented outcomes with second-look arthroscopy in 43 patients with a mean age of 31.2 years with variable follow-up periods out to 2 years. Second-look arthroscopy at 6 to 9 months postprocedure revealed good integration in single-plug transplantation and incomplete filling defects in gaps between grafts in mosiacplasty at 1 year. In selected cases, needle biopsies were taken and demonstrated hyaline cartilage structure of the graft. Clinically, improvements in pain scores, range of motion, and functional outcome scores were reported. Young, athletic patients who underwent an anterior approach with a single graft were noted to have the best results in this series.
To date, as reviewed by Hannon et al. 23 there is only one known prospective randomized study involving osteochondral autograft transfer system (OATS). The study included 33 ankles with a mean follow-up time of 53 months. Eleven ankles were treated with chondroplasty, 10 with microfracture, and 12 with OATS. Pain and functional scores improved, but no significant differences in Ankle-Hindfoot Scale scores at 12 and 24 months or Subjective Assessment Numeric Evaluation (SANE) rating were observed between the treatment groups. Numeric Pain Intensity (NPI) 24 hours postoperatively was significantly lower for microfracture and chondroplasty than for OATS (P < 0.001), a factor that could be useful when advising patients about the early postoperative period. 58 In addition to larger lesions, osteochondral autografts have been used as a salvage procedure after failed operative treatment of an OCL. Kreuz et al. 59 evaluated autograft transplantation from the ipsilateral talus in a cohort of patients who failed operative management of an OCL. They found significant improvement in AOFAS scores in all 35 patients at a mean of 4 years postoperatively. 59 This group also found significant differences in subgroups treated with no osteotomy, malleolar osteotomy or tibial wedge osteotomy (novel technique at the time), reporting scores of 94.1, 84.7, and 88.6 respectively. Postoperative MRI at 1 and 2 years demonstrated good graft integration and a congruent articular surface in all but 1 patient. They concluded that patients with well-integrated grafts, well-healed osteotomies, and good joint function can maintain good results over longer term follow-up. Therefore, monitoring of graft incorporation during the initial postoperative period is essential. They note that participation in weightbearing too early postoperatively may cause motion at the subchondral bed and is a potential cause for graft failure.
Allografts can also be used to treat larger OCLs (Fig. 3) , and they have several advantages to autografts. Use of an allograft allows the surgeon to avoid harvesting the graft from an asymptomatic site (such as the knee). A single dowel of cartilage and bone can often be used as opposed to multiple grafts with the OATS procedure, and the allograft can usually be manipulated to meet highly specific sizing requirements. Several types of graft exist and are characterized by their methods of storage. Frozen and fresh-frozen allograft has been used in the past, but has been shown to have a low chondrocyte viability rate (20%-30%) with an unacceptably high failure rate. [60] [61] [62] Therefore, fresh allografts are now more commonly used. Typically grafts are harvested and stored in lactated ringers or culture medium and implanted within 7 days. Refrigerated grafts have been found to have 67% chondrocyte viability at 30 days. 63 In addition, using an allograft can be very time consuming. Allograft use for implantation is a highly technical process and requires additional skill and time in the operating room. Using allograft is also a more expensive procedure than an autograft and there is a small risk of disease transmission. 23 Gross et al. 64 report good long-term results using allograft procedures on talar OCLs that are at least 1 cm in diameter. Nine patients with stage IV Berndt and Harty OCLs were followed for a mean of 12 years postoperatively. Three patients required ankle fusion following the initial allograft, so for the 6 patients remaining with the allograft in situ at the time of the study, all of them reported functional range of motion, no use of assistive devices, and minimal swelling. Only 1 of the 6 patients described mild pain, the other 5 reported no pain symptoms. Five patients reported full return to activities and 1 reported only mild restrictions in activities. All 6 indicated that they were satisfied with the results at a mean of 9 years after the procedure. 64 Kwak et al. 28 demonstrated similar improvement in their case series with the use of ACI for these lesions. However, their average follow-up was 70 months. Longer term study of ACI will be needed to truly compare the 2 procedures.
El-Rashidy et al. 65 used fresh osteochondral allografts in 42 ankles (38 patients with OCLs, average lesion size of 1.5 cm 2 ) and evaluated AOFAS and VAS scores at a mean follow-up time of 37.7 months. Seven of 38 patients required secondary arthroscopic surgery following the procedure, and 4 of the 42 grafts failed. Mean VAS scores decreased from mean of 8.2 points preoperatively to 3.3 points at final follow-up (P < 0.001). Mean AOFAS scores significantly improved from 52.3 preoperatively to 78.8 postoperatively (P < 0.001). Overall, at final follow-up, patient satisfaction was reported excellent, very good, or good in 73% of patients, and fair or poor by only 27%. Postoperative MRI was reported in 15 of these patients at an average of 33 months after surgery. Of these 15 patients, graft incorporation was rated as fair or poor in 12, signs of graft instability were seen in 5, and graft subsidence was found in 1 patient.
Ten of the 15 had good articular congruity with 4 having slightly irregular cartilage contact. It is unclear whether poorer MRI results portends a poorer clinical outcome. 65 In a study by Görtz et al. 66 involving OCLs treated with fresh allografts, only 2 of 12 grafts failed, with a mean follow-up time of 38 months. Of the 10 that did not, OlerudMolander Ankle Scores increased from a mean of 28 points preoperatively to 71 points postoperatively. Five of 10 patients with nonfailed ankles reported good or excellent results at follow-up. Radiographic imaging (available for 5 of the total 12 ankles) demonstrated 25% joint space narrowing in only 1 ankle and preserved space in the remaining 4. Eighty percent of patients reported less pain and 60% reported improved function. 66 While outcomes can be good for patients after allograft transplantation, it is still not a perfect solution to the problem. At an average follow-up time of 48 months for 13 patients, Hahn et al. 67 showed increased AOFAS scores from a mean of 45 preoperatively to 81 postoperatively (average lesion size of 2.67 cm 2 ). All patients were able to return to previous activities within 1 year of surgery, and all patients reported satisfaction with the surgery. However, in contrast to the study by Görtz et al., radiographs revealed the presence of osteophytes in all but 1 patient with additional mild arthritic changes in two patients. CT scanning revealed less than 50% healing in 2 of the patients, suggesting that on some level, allografts may just be delaying the inevitable. 67 Similarly, in a study by Raikin et al., 68 AOFAS scores averaged 38 points before allograft surgery and increased to 83 points postoperatively (P < 0.05) at a mean follow-up of 54 months. Preoperative VAS scores averaged 8.5, and postoperatively 3.3 at final follow-up. Again, 10 of 15 ankles demonstrated bone resorption or collapse of the graft, and joint space narrowing was seen in 9 ankles. Two of the 15 had required an arthrodesis, but 11 patients reported excellent or good outcomes, and all 15 were glad they had the procedure and would repeat it. 68 Allograft transplants for OCLs of the talus have proven to be clinically effective, and most patients seem to be pleased with the results. While they help restore joint function, alleviate pain, and allow patients to return to previous activities, it should be noted that they do not completely halt the development of degenerative arthritic changes.
Cell-Based Repair Techniques: Autologous Chondrocyte Implantation and Juvenile Chondrocyte Implantation
One of the great concerns with bone marrow stimulation and osteochondral grafts is the ability of these procedures to fully match the repair tissue to the original articular surface. Hyaline cartilage is composed primarily of water, type II collagen, and various glycosaminoglycans and proteoglycan. The repair tissue formed by microfracture or drilling is fibrocartilaginous in nature, containing more type I than type II collagen. Osteochondral grafts provide intact cartilage with preserved architecture, but achieving anatomic congruence, graft incorporation, and complete healing can be difficult. The principle behind cell-based treatment approaches is the ability of transplanted chondrocytes to generate a hyaline-like repair tissue with biochemical and biomechanical properties closer to the native articular tissue.
Autologous chondrocyte implantation (ACI) is a 2-stage procedure in which chondrocytes are harvested during the initial procedure, expanded in culture, and then reimplanted to the defect in a second procedure. There are several technical options for this procedure. At the initial procedure chondrocytes may be harvested from the knee, the ankle or, in some cases, a detached osteochondral fragment. During reimplantation, several coverage materials have been used. In the original description by Brittberg et al., 69 periosteum was used to cover the implanted cells. However, due to issues with graft hypertrophy, a collagen I/III membrane has been developed. In a study comparing the 2, Gooding et al. 70 found similar clinical and arthroscopic results for the 2 types of covers. However, they found a significant difference in the complications. Twelve percent of patients required unplanned arthroscopy for graft hypertrophy, compared with 2.9% in the collagen group. Therefore, collagen has become the preferred method of covering the implanted chondrocytes. Also of note, biopsies were taken at secondlook arthroscopy 1 year later in 13 patients with collagen covers. Of these 13 patients, 3 showed only hyaline cartilage, 6 showed both hyaline and fibrocartilage, and 4 showed fibrocartilage alone. Similar results were seen in the perisosteum covered group.
Clinically, studies have reported positive outcomes using this technique. 71, 72 At a mean follow-up of 26 months for 8 patients, Giannini et al. 72 reported no complications after this procedure. Mean AOFAS scores improved from 32.1 points preoperatively to 80.6 at 6 months, 90 at 12 months, and 91 at 24 months (mean lesion size was 3.3 cm 2 ). Gross examination showed a cartilage covering in the graft area in every ankle, and histological analysis revealed positive staining for type II collagen and proteoglycan in the extracellular matrix for all specimens. 72 Battaglia et al. 71 reported similar improvements in mean AOFAS scores for 20 patients, at a longer follow up time of 5 ± 1 years (mean lesion size 2.7 ± 1 cm 2 ). In an effort to correlate clinical scores with MRI, they used T2 mapping and the MOCART (magnetic resonance observation of cartilage repair tissue) score to evaluate the repair constructs. While they found no statistically significant correlations between the 2 scores, they did note that 2 patients who had less defect filling had the lowest clinical scores. 71 Matrix-associated chondrocyte implantation (MACI) involves culturing the harvested chondrocytes on collagen or hyaluronic acid-based matrices prior to implantation. Advantages of this method include a more even distribution of the chondrocytes at the implant, avoidance of dedifferentiation of chondrocytes, and the lack of need for a covering layer. Clinical and imaging studies have showed promising results after MACI for OCLs of the talus. [73] [74] [75] Magnan et al. 74 reported results for 30 ankles with a mean lesion size 2.36 cm 2 , treated with the MACI technique utilizing a collagen-based matrix. At an average follow-up time of 45 months, mean AOFAS scores had improved from 36.9 preoperatively to 83.9 postoperatively. Good to excellent results were reported by 28 of 30 patients, and postoperative MOCART scores revealed improved integration of the graft at the articular surface. 74 Giannini et al. 73 used a hyaluronic acid-based matrix for MACI in 46 patients with a mean lesion size of 1.6 cm 2 . Mean preoperative AOFAS scores were 57.2, improving to 86.8 at 12-month follow-up and 89.5 at 36-month follow-up (P < 0.0005). 82.5% of patients (38/46) reported excellent or good results at 36 months, with only 5% of patients reporting poor results. Twenty patients were able to resume their normal level of sports, and only 4 were forced to give up athletic activity. A significant negative correlation was found between age and AOFAS score at the 36-month follow-up, as well as in patients with a previous history of other surgical interventions to treat these lesions. 73 Minced or particulated articular cartilage obtained from juvenile allograft donors is an alternative source of chondrocytes used for implantation into OCLs. Juvenile grafts have shown increased density of chondrocytes and the ability to escape the extracellular matrix to form a new hyaline-like cartilage when compared with adult grafts. DeNovo NT is one type of graft utilizing this technique and has recently become a popularized technique for managing OCLs. The main benefit of this graft is that it provides an off-the-shelf product with the ability to manage the lesion in one procedure. Additionally, this graft only requires fibrin glue without the need for a biologic cover (Fig. 4) . One case study exists using DeNovo NT for 7 mm × 5 mm OCL lesion in the talus. At 2-year followup, the patient is reported to be pain free without limitation in activity. There currently are no published studies on DeNovo NT use in patients with symptomatic OCLs.
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Biological Agents
Some authors have discussed the use of biologic agents such as bone marrow aspirate concentrate (BMAC), hyaluronic acid, and PRP to treat OCLs of the talus. 30, 31, 78, 79 Animal studies have demonstrated the efficacy of PRP [80] [81] [82] and hyaluronic acid 83, 84 in chondrocyte growth and differentiation, but clinical studies are not as well represented in the literature as the previously discussed operative treatments.
Fortier et al. 79 demonstrated improved healing of full thickness cartilage defects with the use of BMAC in conjunction with microfracture compared with microfracture alone in an equine model. Kennedy and Murawski 30 treated 72 ankles using a combination of OATS and BMAC, and while clinical results were positive (improved Foot Ankle Outcome scores), the lack of a control group in this study makes it difficult to draw a meaningful conclusion about the impact of BMAC alone on the healing process.
In a randomized, controlled clinical trial by Doral et al., 46 weekly postoperative hyaluronic acid injections following microfracture surgery were found to correlate with significantly higher AOFAS scores for patients at a 2-year followup than those just treated with microfracture. Furthermore, PRP may prove even more useful than hyaluronic acid, as Mei-Dan et al. 31 showed significantly more improved VAS stiffness scores, VAS function scores, and Ankle-Hindfoot Scales in treatment of 33 OCLs of the talus by PRP instead of hyaluronic acid.
Allograft materials have also been utilized in combination with some of the previously mentioned biologics. In particular, a recent case report was published utilizing a micronized allograft cartilage matrix (biocartilage) combined with autologous blood solution and marrow stimulation. The patient was kept nonweightbearing for 6 weeks following the procedure and was noted to return to highimpact and full athletic activity by 3 months. The patient was reported at most recent follow-up of 15 months to be asymptomatic. 85 A similar procedure has been utilized at our institution with the combination of PRP with biocartilage.
Conclusion
Treatment for osteochondral lesions of the talus continues to improve as studies have demonstrated increasing clinical efficacy. Nonoperative treatment is the ideal primary protocol, with the hope that patients will be able to regain function and shed painful symptoms in order to return to daily activities. However, the lackluster healing properties of articular cartilage have rendered non-operative treatment limited in its power at best, and operative treatment has become increasingly common. Microfracture, drilling, and other bone marrow stimulating techniques yield positive results for smaller lesions, and autologous and cadaveric bone grafts may be necessary for failed bone marrow stimulation procedures or larger lesions. Other methods remain in their early developmental stages. Cell-based repair strategies have sparked interest among scientists and clinicians, but clinical applications and substantial studies are still lacking. PRP and hyaluronate therapy have also shown promise as useful therapy down the road. With the large incidence of ankle trauma and an increasing demand for the proper treatment of OCLs, operative techniques are continuing to evolve in hopes of improving pain and function while effectively halting degenerative arthritic changes in the ankle.
